ABSTRACT A wideband circularly polarized rectangular dielectric resonator antenna (DRA) fed by single feeding mechanism has been studied theoretically and experimentally. The study has been carried out to find out the effect on different antenna parameters when a parasitic strip is attached to the wall beside the conformal metallic feed. The DRA is excited by an E-shaped metal strip. The novel feed produces a narrow impedance matching |S 11 | ≤ −10 dB bandwidth of 7.94%. Further enhancement is carried out by introducing the parasitic patch at an optimal location on rectangular DRA, such configuration provided a measured circular polarization (CP) waves over a broad bandwidth of 22.01% (3.59 -4.40 GHz) in conjunction with a wide impedance matching bandwidth of ∼23% (3.6 -4.45 GHz). These results represent that; parasitic patch not only generate CP but also an increase by a factor of ∼ 3 times in return loss as compared to those achieved by E-shape feed only. Simulation is done through computer simulation technology (CST-2017). The prototype of the proposed antenna geometry is fabricated and measured. Performance parameters demonstrate that the proposed antenna is well suitable for WiMAX applications. The simulated results agree reasonably with measurements.
I. INTRODUCTION
The DRA is an exceptional type of an antenna that make use of radiating modes of a dielectric resonator (DR). DRA has greater margin of versatility and flexibility than the 1-Dimensional linear and 2-Dimensional planar antenna in term of diversity in material and shape. Additionally, the other alluring features DRA have such as, low ohmic loss, ease of excitation and small size. Because of these significant features DRA is considered to be a potential candidate for the future of wireless communications [1] .
Initially, linearly polarized (LP) antennas were the main focus of researcher, lately circularly polarized DRAs got the The associate editor coordinating the review of this manuscript and approving it for publication was Nagendra Prasad Pathak. attention because of the features like, more capable to mitigate polarization mismatch, less influenced by atmospheric conditions and especially not sensitive to the orientation of the transmitting and receiving antennas. These features make circularly polarized-DRAs' preferable for satellite communication and navigation system, global positioning system, and radio frequency identification system [2] - [16] .
Wider bandwidth has been achieved through holed or fractural approaches, though, such strategies create the design more complicated and delicate. Furthermore, the fine cutting of perforated DRA is a tough job. However, these problems can be fixed without compromising on the DR shape and size by introducing the parasitic patch.
Generally, the technique for generating the CP fields of a DRA can be categories as by a single feed, dual feed and VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ quadrature feeds [2] , [3] . Mostly, wider impedance matching (S 11 ) and axial ratio (3-dB) bandwidths can usually achieve through quadrature or dual-feed mechanism, for that power divider or external hybrid coupler is used which in result make the overall size bigger, complexity, and loss of antenna system inevitably. On the other side, the single-feed technique, which generate circularly polarized waves mostly by engineered the dielectric resonator geometry, using a particular feeding structure usually have a very simple feeding network but having a drawback of narrow return loss/axial ratio bandwidth of less than ∼10%. Hence, extensive attention has been paid to improve the bandwidth of circularly polarized singly-fed DRA [4] . Numerous methodologies have been claimed in the literature to widen the 10-dB impedance matching and axial ratio (AR) bandwidths of single-feed CP DRAs'. A simple approach to make use of number of DRs [5] , [6] . By designing the DRs to work at nearby frequencies, the overall approach will lead to a bandwidth enhancement. Like, a 22% bandwidth is attained by simply organizing two rectangular DRs in stair-shaped DRA [5] , but this approach makes the design a bit complicated.
In addition, a singly fed differentially excited hallow Rectangular DRA has been reported in [7] ; hybrid coupler has been used to feed and differential signal was given through the two conformal strips. That approach provided an AR Bandwidth of 11.8%. In recent times, a new technique that employs a parasitic strip/patch has been claimed in [8] , [9] with conformal strip to feed the DRA [10] .
The parasitic strip perturbs the DRA fields and two nearly degenerate orthogonal modes are excited that produce CP fields. The new technique can have applied to a conventional DRA with a single feed. By introducing the parasitic patch inside a circular loop antenna AR bandwidth enhanced from 6.5% to 20% [11] . In a later study [12] , a driven open half loop conducting metal strip with a parasitic patch has been applied on a rectangular DRA provided a measured CP bandwidth of ∼8.12%, that was found to be three times wider than those achieved without the parasitic element.
Additionally, on cylindrical DRA [8] , thin conformal conducting strips both for feeding and in a parasitic fashion has been deployed, which in result not only generate AR but in parallel widen the Return loss from 5.1% to 11.5%. Another approach to enhance return loss and generate CP is to cut the edge of DRA and put conformal parasitic patch over there, this technique significantly improves S 11 to 59.8% and CP bandwidth to 10.6% [13] .
In this communication, a wideband CP DRA has been proposed, where the aforementioned narrow bandwidth of return loss has been addressed by introducing the parasitic patch at an optimize distance beside the E-shaped conformal metal strip. The presented results demonstrate that by deploying the parasitic patch generating wider impedance and CP bandwidths of ∼23% and 22.01%, respectively, together with an enhanced gain of ∼6.5 dBi. the simulations have been conducted using the CST Microwave studio [14] . a prototype of the wide band CP-DRA has been built and measured with close agreement between experimental and simulated results. The operating band of the proposed DRA covers the frequency range of 3.5-4.5 GHz and make it useful for WiMAX applications [15] .
The communication is organized as follows. Section II gives the configuration of the antenna elements, followed by design guideline, the working principle, bandwidth improvement, producing CP waves and debate on theoretical results. Experimental results of fabricated antenna are argued in Section III. Lastly, the conclusions are drawn in Section IV.
II. ANTENNA DESIGN AND ANALYSIS
Geometry of the rectangular DRA with and without parasitic patch has been discussed in this subsection beside with dimension, working principals and simulated results through CST are explained. A. ANTENNA CONFIGURATION Figure 1 . depicted the arrangement of the proposed singly fed broadband circularly polarized DRA, that's primarily comprises of a rectangular DRA, conformal strip of E-shape for feeding, parasitic patch, and a PEC ground plane. The dimension of the rectangular DRA is kept same as in [16] , where having a height of H = 26.1 mm, a width of B = 25.4 mm, and a depth of C = 14.3 mm. Furthermore, DRA have a relative permittivity of r = 10.The antenna is excited by conformal metal strips which have been made up of 7 individual cut strips.
The optimized parameter of the strips is as follow h 1 = 12 mm, w 1 = 7.0 mm, w 2 = 9.0 mm w 3 = 7mm, l 2 and l 3 = 3.5 mm, l 2 = 5.0 mm and b 1 = 8.0 mm. Strips widths are adjusted at 1mm except l 2 i.e. 2 mm. A square PEC ground of 35×35 cm 2 has been used. By locating a rectangular DRA at the center of ground plane as shown in Figure 2 . and by using the above mentioned parameters of feed, the narrow and controllable return loss are obtained.
For the purpose of impedance matching bandwidth enhancement and generation of CP waves, parasitic patch has been introduced (proposed DRA). Using Finite integration technique (FIT) based simulation tool, rigorous parametric analysis has been carried out to obtain optimized parasitic patch dimensions. The physical dimensions obtained are as follows: h 2 = 11.50, b 4 = 2 mm and b 5 = 0.5 mm. In this subsection, simulated result of antenna-1 is explained. it is illustrated in Figure 3 that Antenna -I produce narrow impedance matching bandwidth (|S 11 | ≤ -10 dB) of just 7.94% (3.61-3.92 GHz) and having a resonant frequency at 3.71 GHz and it is worth mentioning that Antenna-I is linearly polarized antenna as E-feed excite only single higher-order mode TE x δ13 inside the DR, while for producing circularly polarized radiation, it is essential to excite orthogonal mode pair with a phase difference of 90 0 between them. Addition to this gain of antenna-1 is ∼ 5.65 dBi through the band of operation.
C. PARASITIC STRIP OPTIMIZATION
The discrepancy in impedance matching characteristic |S 11 | and 3-dB axial ratio with the variation in height (h 2 ), gap (b 5 ), and width (b 4 ) of parasitic strip is shown in Figure 4 . (a), (b) and (c) respectively. It's observed from Figure 4 (a) that as the height of parasitic patch is changes, the resonant frequency remains same while bandwidth S 11 ≤ −10 dB decrease and goes beyond −10 dB at ∼ 4 GHz. This is due to the fact that Parasitic strip changes the electrical length of RDRA in y-direction. Similarly, from Figure 4 (a), axial ratio variation is observed too. It has been found that increasing in the height of parasitic patch increases axial ratio bandwidth, but in parallel overlapping region is narrow because of S 11 bandwidth.
The deviation of return loss characteristic and axial ratio bandwidth with the variation in the width and gap between parasitic patch and feed is presented in Figure 4 (b) and (c) respectively. It can be determined from both figures that the width and gap of parasitic strip doesn't make any considerable change in axial ratio bandwidth but in parallel varies |S 11 | characteristics. VOLUME 7, 2019 This is due to the fact that parasitic strip loaded DR modes (i.e. TE x δ13 andTE y 1δ3 ) are generated in lower band only. Due to parametric studies optimized parameters for parasitic patch are determine. Similarly, the proposed antenna provides the easy tuning of impedance bandwidth and axial ratio. To investigate the principle of this new configuration, the E-fields inside the DR and the current distributions on the plates are investigated. as it can be seen that, height, width and position of parasitic patch (see Figure 5 (a, b, c and d) ) determines the coupling strength and the specific modes. The maximum current magnitude and strong coupling induces between the parasitic patch and feed of the DRA when h 2 is equal to h 1 along with width to 2 mm and distance between paratactic patch and E-shape feed at 0.5mm.
D. SIMULATED RESULT OF PROPOSED ANTENNA
In this section a bandwidth enhancement technique along with generation of CP waves is presented. A parasitic patch of conformal metal strip is placed near the E-shaped feed at an optimized distance, it is observed that by introducing the patch assisting in attaining additional resonant frequency which in result help in achieving a wider bandwidth [19] . Additionally, caused a pair of orthogonal degenerate modes to appear, almost one on either side of return loss (S 11 ) of antenna-1.
The enhancement in bandwidth by alteration from Antenna-1 to anticipated DRA is depicted by impedance matching bandwidth graph in Figure 6 . This behavior is obvious that there is only a single mode when no parasitic strip is present but when the patch is incorporated to the side of the E-shaped singly feed, about 21 % impedance bandwidth has been achieved covering the range from 3.6 GHz -4.45 GHz. It has been found that bandwidth of proposed antenna is approximately 3 (21 % / 7 %) times more than antenna-1.
On the other side the two new modes TE x δ13 TE y 1δ3 modes are generated at 3.72 GHz and 4.37 GHz respectively same as in [18] . The mode frequencies attained through CST are in close correspondence to those anticipated using Dielectric Waveguide Model (DWM) [8] i.e. as shown in Table-1 . Moreover, the minimum of axial ratio i.e. 3.75 GHz of the proposed antenna is almost between the degenerated orthogonal modes, as illustrated in Figure 6 . Thus Condition for the generation of circular polarization satisfied due to the proposed feeding structure of parasitic patch. [19] .
The simulated 3-dB axial ratio attained through parasitic patch is 21.05 % (3.59 -4.40 GHz). The entire axial ratio band totally drops within the simulated impedance-matching bandwidth. To further understand the operational principal of parasitic patch simulated distributions of electric field have been shown in Figure 7 . It is observed that the E-field vectors form a one and a half field variation as shown in figure 8 . In parallel the magnetic fields distributions depicted the higher order modes too to justify E-fields results in Figure. 9.
III. MEASURED RESULTS AND DISCUSSIONS
For validation purpose, a prototype of the proposed CP DRA has been fabricated and measured. The antenna is comprised of a rectangular DR which is built using ECCOSTOCK HIK with dielectric constant r = 10 and loss tangent tan δ = 0.002. E-Shape conformal metal strip is used to excite the DRA, now a day's conformal strip can be used to replace the typical probe feed. Coaxial feeding has issues like air gap which in result causes frequency discrepancies, along with this it is easily soldered to the coaxial feed line of the SMA connector [19] . furthermore, the parasitic strip was made of conducting adhesive copper tape which stick to the DRA wall easily.
photograph of fabricated singly fed RDRA with/without patch (a) front view without Patch, (b) front view with Patch and, (c) top view with patch are depicted in Figure 10 .
The input impedance (|S 11 | ≤ −10 dB) was measured using an KEYSIGHT N5234A network analyzer (10 MHz -43.5 GHz), whereas far-field parameters i.e. (3-dB axial ratio, gain and radiation pattern) were measured in anechoic chamber (atenlab OTA-500).
Simulated and measured reflection coefficients (Fig. 11) , AR (Fig. 12) , Radiation pattern ( Fig. 13) and boresight gains VOLUME 7, 2019 ( Fig. 14) of the fabricated antenna are illustrated below. Decent agreement is achieved between the theoretical and experimental results, and the minor inconsistency is mostly triggered by the measurements limitations and fabrication error. As depicted in Figure 11 and Table-2 the simulated and experimental wide input impedance bandwidths of the prototype is ∼21 % (3.6-4.45 GHz) and 23 % (3.71-3.62GHz), whereas the simulated and measured 3-dB AR bandwidths are 19.5% (3.59 -4.40 GHz). and 22.01% (3.59-3.44 GHz) as shown in Figure 12 .
The experimental return loss (S 11 ) and CP (3-dB) bandwidths approximately overlap with each other, furthermore these are around three (3) times broader than that of the rectangular DRA design with E-shape feed only. Figure 13 illustrate radiation patterns of the fabricated DRA at minimum of axial ratio frequency i.e. 3.7 GHz. As anticipated, broadside patterns are attained in both the phi = 0 0 and phi = 90 0 planes. For both plane, left hand circularly polarize fields in boresight direction are stronger than the right hand circularly polarizes counterparts by more than 26 dB, validating that it is a good left hand circularly polarize antenna. On the other side The prototype DRA offers a satisfactory computed and measured boresight gain of ∼6.5 dBic and 6.64 dBic, respectively over the entire CP band as demonstrated in Figure. 14.A brief evaluation among the anticipated broadband circularly polarized DRA and the designs stated previously on the basis of S 11 bandwidth and generation of CP is tabulated in Table-3 .
IV. CONCLUSION
A modified novel feed CP DRA is investigated in this paper. It has been shown that by just simply introducing a parasitic metallic patch on the wall of the DRA beside feeding strip, a pair of orthogonal degenerate modes appear which in result generate CP and significantly enhanced impedance matching bandwidth from ∼19.5 % and ∼7 % to ∼22 % respectively. The proposed wideband CP DRA has simple structure and feeding mechanism and also stable gain and radiation patterns which may be used for WiMAX applications. 
